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Abstract—Uncultivated field margins are important refugia for pollinating insects 
in agricultural landscapes. However, the spill-over of pollination services from field 
margins to adjacent crops is poorly understood. This study (i) examined the effects 
of landscape heterogeneity on pollinator occurrence in permanent field margins 
and pollinator visitation to adjacent mass-flowering turnip rape (Brassica rapa ssp. 
oleifera) in boreal agricultural landscapes, and (ii) tested whether pollinator 
abundance and species richness in field margins predict abundance and species 
richness of crop visitors. Pollinators visiting the crop were more affected by 
landscape heterogeneity than pollinators in adjacent margins. Species richness, 
total abundance, and the abundance of syrphid flies visiting the crop increased with 
increasing landscape heterogeneity, whereas, in field margins, landscape 
heterogeneity had little effect on pollinators. In field-dominated homogeneous 
landscapes, wild pollinators rarely visited the crop even if they occurred in adjacent 
margins, whereas in heterogeneous landscapes, differences between the two 
habitats were smaller. Total pollinator abundance and species richness in field 
margins were poor predictors of pollinator visitation to adjacent crop. However, 
high abundances of honeybees and bumblebees in margins were related to high 
numbers of crop visitors from these taxa. Our results suggest that, while 
uncultivated field margins help pollinators persist in boreal agricultural landscapes, 
they do not always result in enhanced pollinator visitation to the adjacent crop. 
More studies quantifying pollination service delivery from semi-natural habitats to 
crops in different landscape settings will help develop management approaches to 
support crop pollination.  
Keywords—Bee, butterfly, field edge, landscape heterogeneity, turnip rape, 
hoverfly 
INTRODUCTION 
Agricultural intensification has led to 
pollinator decline that poses a serious threat to 
food production, ecosystem stability and human 
well-being (Potts et al. 2016). Intensive agricultural 
practices and the loss of semi-natural habitats have 
reduced the supply of floral and nesting resources 
to pollinators (Scheper et al. 2014; Baude et al. 2016; 
Potts et al. 2016). To mitigate the negative trends, 
researchers have suggested diversifying farming 
systems (Kremen & Miles 2012) and adopting 
ecological intensification (Kovács-Hostyánszki et 
al. 2017). Both strategies include retaining, creating 
and managing semi-natural habitats such as flower 
strips (Haaland et al. 2011), hedgerows (M'Gonigle 
et al. 2015) and fallows (Toivonen et al. 2015) 
around crop fields. 
While the importance of semi-natural habitats 
for pollinators is well-established (Öckinger & 
Smith 2007; Ricketts et al. 2008; Garibaldi et al. 
2011), the extent to which pollinators and 
pollination services spill over into adjacent crops is 
relatively poorly understood. Several studies have 
assessed how crop pollination services decline 
with distance from semi-natural habitats (Ricketts 
et al. 2008; Carvalheiro et al. 2010; Bailey et al. 2014; 
Woodcock et al. 2016). However, fewer studies 
have measured both pollinator occurrence in semi-
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natural habitats and crop pollination service, i.e. 
crop visitation, stigmatic pollen loads and/or seed 
set, in adjacent fields (but see Stanley & Stout 2014; 
Sardiñas & Kremen 2015; Ganser et al. 2018; Knapp 
et al. 2019).  
High pollinator abundance and diversity in a 
semi-natural habitat may not result in good 
pollination in an adjacent crop, if the crop attracts 
different pollinators than wild plants growing in 
the semi-natural habitat (Sardiñas & Kremen 
2015). Alternatively, if pollinators are limited, co-
flowering plants that have overlapping pollinator 
communities may compete for shared pollinators 
(Grab et al. 2017). In addition, crop-visiting 
pollinators differ in their pollination efficiency due 
to differences in behavior and morphology 
(Garibaldi et al. 2013; Phillips et al. 2018). Thus, the 
benefits of semi-natural habitats to crop 
pollination in adjacent fields may vary depending 
on crops, characteristics of semi-natural habitats, 
and pollinator abundance and species composition 
in the landscape. 
Surrounding landscape also modifies the 
effects of semi-natural habitats on pollinators 
(Concepción et al. 2012; Kennedy et al. 2013; 
Scheper et al. 2013). The best efficiency of 
conservation measures for pollinators is generally 
expected in simple landscapes with intermediate 
cover of semi-natural habitats (Concepción et al. 
2012; Scheper et al. 2013), but the types and quality 
of semi-natural habitats (e.g. forest vs. semi-
natural grasslands) and arable land (e.g. organic 
vs. conventional fields) also matter (Öckinger et al. 
2012; Kennedy et al. 2013; Bergman, Dániel-
Ferreira et al. 2018). However, it is poorly 
understood whether landscape structure similarly 
affects pollinator occurrence in semi-natural 
habitats and pollination service delivery to 
adjacent crops (but see Fijen et al. 2019).  
In Northern Europe, uncultivated field margins 
are the most widespread open semi-natural habitat 
in agricultural landscapes dominated by arable 
land and forests. Besides many other 
environmental benefits (Haddaway et al. 2018), 
field margins provide food, and nesting and 
overwintering resources for pollinators (Lagerlöf 
et al. 1992; Bäckman & Tiainen 2002). The use of 
field margins by pollinators is influenced by 
landscape context, with the cover of forest found 
to be important in several studies (Öckinger et al. 
2012; Toivonen et al. 2017; Bergman et al. 2018). As 
compared to an arable matrix, forest may enhance 
resource provision and dispersal for some 
pollinator taxa, while depriving resources or 
acting as barrier for others (Öckinger et al. 2012). 
This study compared pollinator occurrence in 
permanent uncultivated field margins and 
pollinator visitation to mass-flowering turnip rape 
(Brassica rapa ssp. oleifera) in adjacent fields across 
a landscape heterogeneity gradient in boreal 
farmland. We aimed to answer two questions: (i) 
Does landscape heterogeneity differently affect 
pollinator occurrence in field margins and 
pollinator visitation to the adjacent crop? (ii) Is 
pollinator abundance or species richness in field 
margins a reliable predictor of abundance and 
species richness of crop visitors in adjacent fields? 
MATERIALS AND METHODS 
STUDY SITES 
The study was conducted in 34 spring-sown 
turnip rape fields and their permanent margins in 
boreal farmland landscapes of Southern Finland 
(60°9′–60°46′N, 23°49′–26°2′E) (Fig. 1). In the study 
region, land use is dominated by forests and arable 
land (68 and 23% of land area, respectively). Each 
study site consisted of one field margin and the 
area in its proximity in the turnip rape field, where 
pollinators were monitored. The study sites were 
chosen by first selecting turnip rape fields in 
landscapes ranging from field-dominated 
homogenous landscapes to heterogeneous ones 
with high forest cover, and then systematically 
choosing one margin for each field. In field-
dominated landscapes, the field margin that 
situated farthest from forest was selected, whereas 
in heterogeneous landscapes, the margin closest to  
 
 
Figure 1. Locations of the 34 study fields (characterised 
in Tab. 1) in Southern Finland. Arable land is shown in the 
map in grey colour. 
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forest without being bordered by forest was 
chosen. The systematic selection helped to ensure 
a wide range of landscape heterogeneity among 
the study sites (Tab. 1), while selection bias was 
avoided. The minimum distance between the 
study sites was 1 km. Although bees can forage 
over larger distances, they prefer nearby resources 
when available (Couvillon et al. 2015; Geib et al. 
2015; Redhead et al. 2016). 
Landscape heterogeneity was described using 
three measures: distance to forest, and the 
percentage cover of forest within the buffers of 
500-m and 1-km radii around the central point of 
each site. The measures of landscape heterogeneity 
were strongly correlated with each other 
(Pearson’s r for distance to forest and forest cover 
in the 500-m buffer -0.75; for distance to forest and 
forest cover in the 1-km buffer -0.67; and for forest 
cover in the 500-m and 1-km buffers 0.91; all P < 
0.001). The cover of forest and other land use types 
(Tab. 1) was calculated using ArcGIS 10.5.1 (Esri 
2017) with data derived from the CORINE Land 
Cover 2012 database (Finnish Environment 
Institute 2014). In addition, crop types within the 
500-m buffers were recorded during fieldwork 
(Tab. 1). Honeybee hives were present in 12 out of 
34 buffers of the 500-m radius.  
POLLINATOR MONITORING  
In the field margins, pollinators were counted 
applying the standard line-transect method 
(Pollard & Yates 1993). The transect counts were 
conducted five times at approximately ten-day 
intervals, from 6th of June until 23rd of August 2017. 
A permanent 50 m-long route along the margin 
was walked at a steady speed (without stops about 
1 min 40 sec per 50 m) and all the individuals 
within an imaginary box of 5 m × 5 m × 5 m ahead 
of the counter were recorded. Each counting time, 
the transect was walked twice. Bumblebees and 
 
Table 1.Landscape characteristics of the study sites. Percentage cover of land use types were calculated within 500-m and 1-km 
buffers. Crop types were recorded only within the 500-m buffers during fieldwork. Distance to forest was measured from the 
sampling location closest to forest. 
 
  Mean SD Min Max 
Land use in 500-m buffer     
     Arable land (%)1 54 24 9 96 
          Turnip rape and oilseed rape (%) 14 11 2 52 
          Other insect-pollinated crops (%) 1 2 0 9 
          Cereals (%) 31 19 0 68 
          Perennial grasslands (%)2 8 11 0 44 
     Forest (%) 30 26 0 80 
     Built-up area (%) 3 13 0 69 
     Wetland (%) 1 3 0 20 
     Water (%) 0 2 0 14 
Land use in 1-km buffer     
     Arable land (%)1 41 18 6 75 
     Forest (%) 44 24 6 100 
     Built-up area (%) 3 8 0 44 
     Wetland (%) 1 4 0 24 
     Water (%) 2 5 0 28 
Distance to forest (m) 112 109 7 421 
Flower coverage (%) in field margins3 21 7 7 41 
1 Field margins are included in arable land. 
2 Perennial grasslands included sown cultivated grasslands and perennial fallows. 
3 Coverage of insect-pollinated plants in flower, averaged over five visits in each 
margin. 
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butterflies were recorded in the first walk, after 
which the counter stopped to make notes of field 
margin vegetation for 3–5 minutes, and then 
walked back recording honeybees, solitary bees 
and syrphid flies. Bumblebees and butterflies were 
identified to species. Only exceptions were Bombus 
lucorum -group (B. lucorum, B. terrestris, B. 
cryptarum and B. magnus) and cuckoo bumblebees 
(subgenus: Psithyrus), except for B. rupestris. For 
solitary bees and syrphid flies, only total numbers 
were recorded. Vegetation observations in the field 
margins included total coverage (%) of insect-
pollinated plants in flower, and flower abundances 
of the most important groups of insect-pollinated 
plants, which were estimated using four 
abundance classes. 
In the turnip rape fields, pollinators visiting 
crop flowers were monitored in observational 
squares. Although being a relatively poor method 
for estimating species richness, observational 
squares have been shown to detect similar species 
composition to those based on transect counts 
(Westphal et al. 2008). In each turnip rape field, 
pollinators visiting crop flowers were monitored 
in four 2 × 2 m squares. The squares were placed at 
5 and 20 m distances from the studied field margin 
so that, at both distances, two squares were in 
parallel, 50 m from each other. The squares were 
marked with bamboo sticks and monitored for 5 
minutes three times during crop flowering, 
between 28th of June and 28th of July 2017. All 
pollinator individuals visiting turnip rape flowers 
and touching the reproductive parts of the flower 
were recorded. Bees and butterflies were identified 
at the same level as in the field margins, but 
syrphid flies were identified to subfamilies 
Syrphinae and Eristalinae. Other crop visitors 
were identified at varied taxonomic levels 
(Appendix I, Tab. A.1). 
The data collection methods were different in 
field margins and turnip rape fields, because, in 
field margins, we aimed to assess the margins’ 
value for pollinators, whereas in turnip rape fields, 
measuring potential crop pollination service was 
our interest. Since field margins often have 
heterogeneous vegetation, it is important to 
observe pollinators over a large area of the margins 
and at several times of the summer, also when the 
adjacent crop is not flowering. However, 
observational squares are more practical in 
monitoring pollinator visitation to crop flowers, 
and they also allow linking pollinator visits to crop 
yield. The effects of pollinator visits on turnip rape 
yield in the same study system were reported by 
Toivonen et al. (2019): The number of seeds per 
silique increased with increasing number of flower 
visits, indicating enhanced crop pollination, 
whereas species richness of pollinators had no 
yield effect.  
Pollinator monitoring in the field margins and 
in the crop was conducted between 9 a.m. and 6 
p.m., in weather conditions allowing insect 
activity. Minimum temperature was 15 °C in 
sunny or partly cloudy non-windy weather, 16 °C 
in cloudy non-windy weather, and 17 °C in cloudy 
weather with moderate wind.  
STATISTICAL ANALYSES 
Prior to the statistical analyses, pollinator data 
were aggregated by fields and margins to get the 
total number of individuals and species observed 
on each field and margin.  
The effects of landscape heterogeneity on 
pollinator species richness and abundance in 
adjacent fields and margins were tested using 
generalised linear mixed models. Although the 
differences in species richness and abundance 
between the two habitat types may partly result 
from different monitoring methods, the 
methodological difference should not affect the 
interaction between habitat type and landscape 
heterogeneity, on which this analysis focused. 
Because the three measures of landscape 
heterogeneity were strongly correlated, their 
effects were tested in separate models. Poisson 
errors were assumed in the models unless the data 
were overdispersed, in which case negative 
binomial models were selected. Response 
variables in the models were species richness, total 
abundance, and abundances of honeybees, 
bumblebees, solitary bees, syrphid flies and 
butterflies. In crop fields, species richness and total 
abundance included also other minor pollinator 
groups that were not counted in field margins. 
Explanatory variables were habitat type (crop field 
and field margin), landscape heterogeneity 
(distance to forest, forest cover within the 500-m 
buffer, or forest cover within the 1-km buffer) and 
interaction between the two variables. Coverage of 
insect-pollinated plants in flower in field margins  
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Table 2.    Generalised linear mixed model results of the interactive effects of habitat type (field vs. margin) and landscape heterogeneity (distance to forest, forest cover 
within the 500-m buffer, or forest cover within the 1-km buffer) on species richness, total pollinator abundance, and abundances of five pollinator groups. 
  Distance to forest (km) Forest (%) in 500-m buffer Forest (%) in 1-km buffer   
  Estimate SE Z P Estimate SE Z P Estimate SE Z P Model type 
Species richness 
             
(Intercept) 1.629 0.180 9.047 < 0.001 1.210 0.188 6.443 < 0.001 1.028 0.223 4.617 < 0.001 poisson 
Margin 0.233 0.137 1.699 ns 0.547 0.157 3.497 < 0.001 0.721 0.215 3.348 < 0.001 
 
Landscape heterogeneity -2.389 0.818 -2.920 < 0.01 0.004 0.003 1.436 ns 0.007 0.003 2.142 < 0.05 
 
Flower coverage in margin 0.009 0.007 1.338 ns 0.011 0.007 1.742 ns 0.012 0.007 1.764 ns 
 
Margin * Landscape heterogeneity 2.100 1.005 2.089 < 0.05 -0.004 0.004 -0.938 ns -0.006 0.004 -1.510 ns 
 
Total abundance 
             
(Intercept) 3.104 0.264 11.741 < 0.001 2.347 0.292 8.038 < 0.001 2.074 0.338 6.134 < 0.001 neg. bin. 
Margin 0.180 0.188 0.961 ns 0.739 0.228 3.246 < 0.01 0.990 0.309 3.199 < 0.01 
 
Landscape heterogeneity -3.207 1.138 -2.818 < 0.01 0.010 0.004 2.623 < 0.01 0.013 0.004 3.025 < 0.01 
 
Flower coverage in margin 0.010 0.010 1.038 ns 0.014 0.010 1.476 ns 0.014 0.010 1.449 ns 
 
Margin * Landscape heterogeneity 2.241 1.405 1.595 ns -0.010 0.005 -1.950 ns -0.013 0.006 -2.213 < 0.05 
 
Honeybees 
             
(Intercept) 2.393 0.532 4.494 < 0.001 2.231 0.507 4.403 < 0.001 2.156 0.573 3.764 < 0.001 neg. bin. 
Margin -1.127 0.358 -3.148 < 0.01 -0.458 0.336 -1.363 ns -0.142 0.450 -0.316 ns 
 
Landscape heterogeneity -0.473 1.589 -0.298 ns 0.003 0.006 0.439 ns 0.004 0.007 0.540 ns 
 
Flower coverage in margin -0.007 0.021 -0.350 ns -0.007 0.021 -0.319 ns -0.007 0.021 -0.349 ns 
 
Margin * Landscape heterogeneity 2.115 1.997 1.059 ns -0.016 0.009 -1.724 ns -0.018 0.010 -1.908 ns 
 
Bumblebees 
             
(Intercept) 0.309 0.570 0.542 ns -0.050 0.576 -0.087 ns -0.556 0.666 -0.834 ns neg. bin. 
Margin 0.483 0.359 1.345 ns 1.052 0.437 2.407 < 0.05 1.611 0.619 2.603 < 0.01 
 
Landscape heterogeneity -4.950 2.747 -1.802 ns -0.002 0.009 -0.190 ns 0.010 0.009 1.027 ns 
 
Flower coverage in margin 0.026 0.021 1.228 ns 0.026 0.019 1.370 ns 0.030 0.016 1.841 ns 
 
Margin * Landscape heterogeneity 5.352 2.899 1.846 ns -0.001 0.010 -0.095 ns -0.012 0.011 -1.073 ns   
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Table 2. continued 
  Distance to forest (km) Forest (%) in 500-m buffer Forest (%) in 1-km buffer   
  Estimate SE Z P Estimate SE Z P Estimate SE Z P Model type 
Solitary bees 
             
(Intercept) 0.728 0.650 1.120 ns -0.293 0.705 -0.415 ns -0.449 0.798 -0.562 ns neg. bin. 
Margin -0.043 0.399 -0.109 ns 0.509 0.520 0.978 ns 0.781 0.671 1.164 ns 
 
Landscape heterogeneity -5.342 2.845 -1.878 ns 0.011 0.009 1.163 ns 0.011 0.010 1.059 ns 
 
Flower coverage in margin -0.030 0.027 -1.123 ns -0.024 0.028 -0.857 ns -0.023 0.028 -0.843 ns 
 
Margin * Landscape heterogeneity 3.528 3.328 1.060 ns -0.010 0.012 -0.852 ns -0.013 0.013 -1.040 ns 
 
Syrphid flies 
             
(Intercept) 1.231 0.292 4.213 < 0.001 -0.589 0.412 -1.429 
 
-1.435 0.418 -3.435 < 0.001 neg. bin. 
Margin 0.672 0.199 3.376 < 0.001 1.621 0.294 5.512 < 0.001 2.243 0.271 8.278 < 0.001 
 
Landscape heterogeneity -7.924 1.899 -4.172 < 0.001 0.024 0.006 4.305 < 0.001 0.034 0.005 6.464 < 0.001 
 
Flower coverage in margin 0.032 0.010 3.352 < 0.001 0.045 0.012 3.810 < 0.001 0.044 0.013 3.514 < 0.001 
 
Margin * Landscape heterogeneity 4.708 2.095 2.247 < 0.05 -0.016 0.006 -2.747 < 0.01 -0.024 0.004 -5.443 < 0.001 
 
Butterflies 
             
(Intercept) -1.995 0.637 -3.131 < 0.01 -2.218 0.699 -3.174 < 0.01 -2.429 0.940 -2.583 < 0.01 poisson 
Margin 3.776 0.570 6.625 < 0.001 3.891 0.641 6.072 < 0.001 4.021 0.896 4.487 < 0.001 
 
Landscape heterogeneity -1.516 4.188 -0.362 ns 0.001 0.016 0.069 ns 0.005 0.017 0.313 ns 
 
Flower coverage in margin 0.016 0.013 1.267 ns 0.017 0.013 1.376 ns 0.018 0.013 1.391 ns 
 
Margin * Landscape heterogeneity 0.760 4.174 0.182 ns -0.001 0.016 -0.085 ns -0.004 0.017 -0.220 ns   
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was included as a covariate, and study site as a 
random factor in the models.  
To test whether pollinator occurrence in field 
margins predicts the number of pollinators visiting 
the adjacent crop, generalised linear models were 
applied. Poisson errors were assumed in the 
models unless the data were overdispersed, in 
which case negative binomial models were 
selected. Response variables were species richness, 
total abundance, and abundances of honeybees, 
bumblebees, solitary bees, syrphid flies and 
butterflies in crop fields. Explanatory variables 
were respective variables (species richness, total 
abundance, and abundances of honeybees, 
bumblebees, solitary bees, syrphid flies and 
butterflies) in field margins. In the crop, species 
richness and total abundance included minor 
pollinator groups that were not counted in field 
margins.  
All generalised linear models and generalised 
linear mixed models were validated by plotting 
residuals versus fitted values. For total pollinator 
abundance and honeybee abundance, models 
were conducted both with and without a field with 
exceptionally high number of honeybees. For 
bumblebees, models were conducted with and 
without a field with exceptional bumblebee 
abundance. The results of the analyses without 
these fields were included in the Appendix II.  
All statistical analyses were run in R 3.4.1 (R 
Core Team 2017). Models were fitted using the 
functions glmmTMB() of the package glmmTMB 
(Brooks et al. 2017), glm() of the package stats (R 
Core Team 2017) and glm.nb() of the package 
MASS (Venables & Ripley 2002).  
RESULTS 
A total of 948 and 743 pollinator individuals, 
representing 37 and 21 species or groups, were 
recorded in the field margins and in the crop, 
respectively (Tab. A.1). Honeybees composed 51% 
of all pollinators visiting the crop, while the shares 
of all other pollinator groups were below 20% per 
group (Tab. A.1). In the field margins, most 
abundant pollinators were syrphid flies and 
butterflies (36 and 30% of all individuals, 
respectively) (Tab. A.1). All species observed to 
visit the crop were also found in the margins, 
except for the minor pollinator groups that were 
not included in the transect counts in the margins 
(Tab. A.1).  
The mean coverage of insect-pollinated plants 
in flower in the field margins at the time of the 
transect counts was 21% (Tab. 1). The most 
abundant insect-pollinated plants in the margins 
were three Apiaceae species recorded as one group 
(Anthriscus sylvestris, Aegopodium podagraria and 
Angelica sylvestris), Ranunculus sp., Vicia sp., 
Lathyrus pratensis and Taraxacum sp. 
INTERACTIVE EFFECTS OF HABITAT TYPE AND LANDSCAPE 
HETEROGENEITY ON POLLINATOR SPECIES RICHNESS AND 
ABUNDANCE  
Pollinators visiting turnip rape were more 
affected by landscape heterogeneity than 
pollinators in the adjacent margins (Tab. 2, Fig. 2–
3). Pollinator species richness in the crop increased 
with decreasing distance to forest, and total 
pollinator abundance increased with increasing 
cover of forest within the 1-km buffer, whereas, in 
the field margins, landscape heterogeneity had no 
effect on species richness or total abundance (Fig. 
2). Consequently, differences between the habitat 
types in pollinator species richness and abundance 
were largest in landscapes with low landscape 
heterogeneity (Fig. 2). When one field with 
exceptionally high number of honeybees was 
excluded from the analyses, total pollinator 
abundance responded statistically significantly to 
the interaction of habitat type with all three 
landscape heterogeneity measures (Table A.2).  
Syrphid flies responded to the interaction of 
habitat type with all three landscape heterogeneity 
measures (Tab. 2). When landscape heterogeneity 
increased, syrphid fly abundance increased faster 
in the crop than in the field margins (Fig. 3). The 
interaction between habitat type and landscape 
heterogeneity did not explain the abundances of 
honeybees, bumblebees, solitary bees or butterflies 
(Tab. 2). The coverage of insect-pollinated plants in 
flower in the field margins was positively related 
to syrphid fly abundance in the crop fields and 
margins, but not to other pollinator variables (Tab. 
2). 
POLLINATOR ABUNDANCE AND SPECIES RICHNESS IN FIELD 
MARGINS AS PREDICTORS OF THE ABUNDANCE AND SPECIES 
RICHNESS OF CROP VISITORS 
Total pollinator abundance or species richness 
in the field margins did not explain pollinator  




abundance or species richness in the turnip rape 
fields (Tab. 3, Fig. 4). These results remained also if 
butterflies were excluded from the data (results not 
shown). High abundances of honeybees and 
bumblebees in the field margins were related to 
high numbers of crop visitors in these taxa (Tab. 3, 
Fig. 4). However, when the fields with 
exceptionally high honeybee or bumblebee 
abundance were excluded from the analyses, the 
statistical significance of the relationship between 
abundance in field margins and in the crop was 
lost for honeybees and bumblebees (Tab. A.3). 
DISCUSSION 
Pollinator abundance and species richness in 
field margins were poor indicators of the 
abundance and species richness of crop-visiting 
pollinators in adjacent fields. This is probably due 
to differences in pollinator species composition 
between the habitats. Although all pollinator 
groups recorded in field margins were observed to 
forage on the crop, their relative abundances 
strongly differed between the habitats. Honeybees 
preferred the crop to field margins, whereas most 
wild pollinator species occurring in field margins 
were rare visitors to, or absent from the crop. This 
probably results from different dietary and habitat 
preferences of honeybees and wild pollinators: 
Honeybees are attracted by mass-flowering plants 
that enable high foraging efficiency (Steffan-
Dewenter & Kuhn 2003; Danner et al. 2016). By 
contrast, wild pollinators may preferentially 
forage in semi-natural habitats with more 
FIGURE 2. Species 
richness, total pollinator 
abundance, and 
abundances of honeybees 
and bumblebees visiting 
turnip rape and occurring 
in field margins in relation 
to three measures of 
landscape heterogeneity 
(distance to forest, forest 
cover within the 500-m 
buffer, and forest cover 
within the 1-km buffer). 
Lines in the scatterplots 
depict predicted values 
based on generalised 
linear mixed models with 
statistically significant 
interaction between 
habitat type and landscape 
heterogeneity (Tab. 2). 
Due to different pollinator 
observation methods, 
species richness and 
absolute abundances are 
not directly comparable 
between fields and 
margins. 
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diversified food resources combined with more 
nesting opportunities (Rollin et al. 2013; Magrach 
et al. 2018). Exploitative competition on crop 
resources, or interference from honeybees may 
also affect foraging behavior of wild pollinators 
(Lindström et al. 2016; Mallinger et al. 2017; 
Nielsen et al. 2017).  
Previous studies have reported variable 
degrees of pollinator sharing between crops and 
wild plants in adjacent hedgerows and field 
margins (Stanley & Stout 2014; Sardiñas & Kremen 
2015; Ganser et al. 2018; Knapp et al. 2019). In our 
study, crop pollinators represented a subset of 
pollinators occurring in field margins, and no wild 
pollinator species showed a preference for turnip 
rape. However, broad overlaps in pollinator 
species composition between crop and adjacent 
edges (Stanley & Stout 2014), or differences driven 
by wild crop specialists (Sardiñas & Kremen 2015) 
are also possible. The variable results suggest that, 
while field margins and other semi-natural 
habitats help a diversity of pollinators to persist in 
the landscape (Bäckman & Tiainen 2002; Öckinger 
& Smith 2007), their benefits to crop pollination in 
adjacent fields depend on the characteristics of the 
crop species and the landscape. In boreal 
agricultural landscapes with high cover of 
uncultivated habitats, simply providing semi-
natural habitats close to crop may inefficiently 
enhance crop pollination service. 
Landscape heterogeneity had a stronger effect 
on pollinator visitation to turnip rape than on 
pollinator occurrence in field margins, which is 
consistent with the findings of Fijen et al. (2019) 
from a different crop and region. In field-
dominated homogenous landscapes, wild 
pollinators were relatively rare crop visitors even 
if they occurred in adjacent margins, whereas in 
heterogeneous landscapes, differences between 
occurrence in margins and crop visitations were 
smaller. Possible explanations are that the 
proximity of uncultivated habitats in 




FIGURE 3. Abundances of 
solitary bees, syrphid flies 
and butterflies visiting 
turnip rape and occurring in 
field margins in relation to 
three measures of landscape 
heterogeneity (distance to 
forest, forest cover within 
the 500-m buffer, and forest 
cover within the 1-km 
buffer).  Lines in the 
scatterplots depict 
predicted values based on 
generalised linear mixed 
models with statistically 
significant interaction 
between habitat type and 
landscape heterogeneity 
(Tab. 2). Due to different 
pollinator observation 
methods, species richness 
and absolute abundances 
are not directly comparable 
between fields and margins. 
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Table 3. Occurrence frequency, mean abundance and species richness of pollinators in turnip rape fields and field margins, 
and the results of generalised linear models explaining pollinator abundance and species richness in turnip rape fields with their 
abundance and species richness in adjacent field margins. 
  Summary statistics GLM results 
  Fields Margins   
  Freq.-% Mean Freq.-% Mean Estimate SE Z P Model type 
Pollinator abundance 100 21.9 100 27.9 0.014 0.010 1.352 ns neg. bin. 
Species richness 100 4.9 100 7.5 0.028 0.030 0.955 ns poisson 
Honeybees 94 11.2 71 4.3 0.065 0.032 2.054 <0.05 neg. bin. 
Bumblebees 50 2.1 79 4.3 0.155 0.067 2.292 <0.05 neg. bin. 
Solitary bees 50 0.8 47 1.1 0.131 0.116 1.129 ns poisson 
Syrphid flies 79 3.9 97 10.0 0.044 0.025 1.751 ns neg. bin. 
Butterflies 12 0.2 97 8.2 0.047 0.091 0.518 ns poisson 
 
habitats are attracted by foraging resources 
provided by the crop, or that pollinator species 
primarily foraging in uncultivated habitats spill 
over into crop fields (Tscharnke et al. 2005; 
Woodcock et al. 2016). Heterogeneous landscapes 
may also sustain larger populations of wild 
pollinators that spread from the main habitats to 
adjacent habitats (Jauker et al. 2009). Furthermore, 
the larger area of turnip rape and oilseed rape in 
homogenous landscapes possibly diluted the 
abundance of those pollinators that were attracted 
by turnip rape (Holzschuh et al. 2016). In field 
margins, pollinator occurrence is strongly driven 
by local availability of flower resources (Lagerlöf 
et al. 1992; Bäckman & Tiainen 2002), which is 
more variable than on a mass-flowering crop field. 
Most pollinator species were probably able to 
spread into rewarding field margins regardless of 
the landscape heterogeneity, due to generally high 
landscape heterogeneity of our study region, and 
high connectivity of field margins to other 
uncultivated habitats. 
 
Figure 4. Pollinator abundance and species richness in turnip rape fields in relation to their abundance and species richness in 
adjacent field margins. Lines in two scatterplots depict predicted values based on statistically significant generalised linear 
models (Tab. 3).
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The three measures of landscape heterogeneity 
produced fairly similar results, when testing the 
interactive effects of landscape heterogeneity and 
habitat type on pollinators. However, statistical 
significance was reached for species richness only 
when distance to forest was used as a landscape 
variable, and for total abundance, when forest 
cover in the 1-km buffer was used as a landscape 
variable. Since all three measures of landscape 
heterogeneity were strongly correlated, reliably 
distinguishing their effects is difficult. However, 
distance to forest and forest cover probably 
affected pollinators through partly different 
mechanisms: high forest cover may be associated 
with an increased area of semi-natural pollinator 
habitat in the landscape (Toivonen et al. 2017) and 
thus affect population sizes of wild pollinators, 
whereas distance to forest affects how pollinators 
occurring in the landscape are able to spread into 
fields. 
Pollinator groups differed in their responses to 
habitat type and landscape heterogeneity. This 
emphasises the need for considering multiple 
pollinator groups when predicting the effects of 
habitat management and landscape structure on 
pollinator diversity and potential crop pollination 
services (Jauker et al. 2009; Söderman et al. 2016). 
Non-bee insects were more dependent on 
uncultivated habitats than bees: syrphid flies 
strongly responded to landscape heterogeneity, 
while butterflies firmly stayed in field margins, 
thus being insignificant turnip rape pollinators. 
Besides flower resources to adults, the occurrence 
of syrphid flies and butterflies is constrained by 
larval feeding habits (Andersson et al. 2013; Curtis 
et al. 2015). Woody habitats and open ditches in 
heterogeneous landscapes may provide larval 
resources for aphidophagous and saprophagous 
syrphid flies (Sutherland et al. 2001; Söderman et 
al. 2016). Although forest may inhibit the dispersal 
of syrphid flies (Öckinger et al. 2012), it also 
reduces winds, which is particularly beneficial for 
small insects (Pasek 1988). Butterflies can also 
benefit from forest matrix in agricultural 
landscapes (Toivonen et al. 2017; Bergman et al. 
2018). However, the species commonly occurring 
in field margins mainly feed on grasses and arable 
herbs as larvae, and may thus benefit less from 
woody habitats as compared to syrphid flies.  
Our study showed a weak link between 
pollinator occurrence in field margins and 
pollinator visitation to turnip rape in adjacent 
fields in boreal agricultural landscapes. This 
suggests that maintaining and managing field 
margins does not always enhance pollinator 
visitation to the crop. Furthermore, surrounding 
landscape differently affected pollinator 
occurrence in field margins and crop-visiting 
pollinators in adjacent fields. The results highlight 
the need for differentiating between the objectives 
of pollinator conservation and the delivery of crop 
pollination services: management strategies 
designed to enhance one may not efficiently 
promote the other (Ekroos et al. 2014; Kleijn et al. 
2015). Although direct benefits of semi-natural 
habitats to crop pollination service in adjacent 
fields are not always certain, these habitats 
contribute to pollinator conservation, and may 
enhance other ecosystem services (Holland et al. 
2016; Haddaway et al. 2018). More studies 
quantifying pollination service delivery from 
semi-natural habitats to crops in different 
landscape settings and across several years will 
help develop management approaches to support 
crop pollination. 
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